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Ti t le



Mul t i  Miss ion Radio isotope 

Thermoelect r ic  Generator  (MMRTG)



Thermoelect r ic  power  generat ion
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Carnot TE Materials

S= Seebeckcoefficient 
(thermopower)

=́ Electrical resistivity 

=ˁ Thermal conductivity 

T= Absolute temperature 

MMRTG

Current



Mot ivat ion

a) Hot side interface (HIS) is very critical part of thermoelectric couple assembly.

b) It operates at high T (~1100 °C), hence high stresses arise. 

c) CTE (Coefficient of Thermal Expansion) mismatch is of great concern (16 for TE vs. 12 for HSI), 
because It generates cracks and brings to failure of couples (and generator).

d) Modify mechanical properties of TE without deteriorating conversion efficiency is great 
challenge. 

TE

HSI

Cracks

TE (~10mm)

HSI (~0.5mm)
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Methods
Å Reduce CTE of TE materials without deteriorating properties. 

Å Study focused on p-type thermoelectric material Yb14MnSb11.

Å Dispersing particles of compatible metal into TE material (creating a new composite 
material) is expected to improve mechanical properties.

Å Engineering inclusion type, and inclusions density can retain thermoelectric properties. 

Å After testing different materials/inclusion densities, tungsten (W) was selected because 
chemically, electronically, and mechanically compatible with Yb14MnSb11.

Å ² ¸ƻǳƴƎΩǎ ƳƻŘǳƭǳǎ ό9ύ ŀƴŘ /¢9 ŀǊŜ ŜȄǇŜŎǘŜŘ ǘƻ ƛƳǇǊƻǾŜ ƳŜŎƘŀƴƛŎŀƭ ǎǘŀōƛƭƛǘȅ ŀƴŘ 
decrease overall CTE.

Material M-Sb Reactivity [́mʍϊcm] @25°C E [GPa] CTE [K-6]

Yb14MnSb11 - ~ 2 68 18

W None 5.28 x 10-3 411 4.5



Chemical  analys is

J. Appl. Phys. 126, 175102 (2019); doi: 10.1063/1.5118227

14-1-11 + 2vol%W

14-1-11 + 5vol%W

ÅXRD: pure phase Yb14MnSb11 for all samples 
(confirmed by EDX).

ÅSEM: W inclusions between nm and ˃m.

ÅHomogeneous distribution inclusions and no 
cracking (even after thermal cycling).



Transpor t  proper t ies

J. Appl. Phys. 126, 175102 (2019); doi: 10.1063/1.5118227

ÅMore M Ąmore conductive Ą d́ecreases (as expected).

ÅAlthough ́  decreased, Sremains comparable to pristine Yb14MnSb11.

+W



Transpor t  proper t ies

J. Appl. Phys. 126, 175102 (2019); doi: 10.1063/1.5118227

ÅDue to improve electrical conductivity,ˁ increases.

ÅThe peak zTdoes not change because increase in PF
is washed out by increase in ˁ.


